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Dear Joshua:
Since last 1 wrote you the roof has sort of fellen in on my problem
but I believed has allowed for a thorough clarification of the issues,
I've enclosed a sumary of my thinking and sone of the evidence for it.

+ vant to apclogize for its difficulty but I believe I am hanging on to a
literary monster.

I've sent this to you for several reazsons:

1. You seemed interested

2e + would like your opinion of the theory

Se Are the facts sufficient or how far do I have to go with these

exponentially increasing factors (see tmxt)
4e Gan you help with the symbology or is it adequate
5¢ »hat to do with the alrsady defined terme , prophage, lysogenic
and non-lysogenic cells, host-induced modification and inmnity

6, Can this be made intelligible to other than a restricted audience?

pest regards
Sincerely

Dot
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1.
Theory vroedT
with respect to the manifestations of lysogeny by the A phages of Salmonella,
the following is proposed,
All strains capable of adsorbing the phage contain within their genetic
(prophage) 7
complement material which is homologous to that of the phage, Productive (phage
proliferation either through a lytic or lysogenizing cyele) or nom-productive
responses are primarily manifestations of the allelic configurations of & mmber
of loci in the host and the phage,
A temperate bacteriophage (non-virulent mutant) can come in contact with
a variety of cell typess

1le Cells which either spomtaneocusly or following induetion produce
precisely the infecting phage and abort the infection, This represents what we may
call hamologous immmity. .

2. Cells which do not produce the homologous phage but still as a
primary response abort the infection, The produstive responses often produce host-
modified phage, This may be called heteroloscus Mnmity?

3¢ Cells for which there is no evidence of homologous phage

production and within whigh phaze ¢an r:ad.ﬂy uxﬂergoA;roductiw response, ihese
ars the typical sensitive,non-lysogenic ~ stzains,

with virulent mutants of temperate phage all of the above csll types are met
but all productive responses are via a lytie cycle, 3 J

,ﬂ*f‘:ﬁ, T;Jor point for consideration is that the intmmityA or lack thereof
is not because of 4he~the presence or absmense at a particular site of & prophage
but rather is a phenotypic response brought about by the interaction of appropriate
phage and bacterisl alleles, With homologous immunity there is no possible
recombination between the phage and prophage to give anything different and thus
th::\:tuzptiiltemu of the immunity. ith heterologous imwnity the different alleles

to give rise to phage of changed plating
in pvhage and prophsge can recambine
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efficiency (hosteindueed-modification)s In this light virulent mutants of temperat
phages may be viewed as alleles at what we might call compatabmt;} loci which
can not with any known set of of bacterial alleles produce the immunity requimsite

formation 2
for lysopenivation (transdmmtioem of the bacterisl chromosone) to occur,

ixperinental
The three couponents of the system used are S, typhinurium strain 172 (strdn A)

» Se typhimurium var. Copenhagen and phage P22, The following linkage map for P22

can be drawn on the kxkksx basis of phage by phage crosses in strein A, The

mutant symbols have the following meaning and can be xmitilx readily scored on mutrimt

agary t turbdd halo, v, virulent, y yellowish lalo, 1 large halo, vy ms,..mm;

m modifies expression of 1 and y,

I I
/‘—r
2, A Qs

There are as scen two linkage groups, Fhage by phage crosses give about 207 recombh
nation bebween the two indicating as a meximm one rcund of mating, In order to
follow the linkege groups we will arbitrarily place on them identifying mariers

for each of the camponents of the aystem according the hypothesis presented

1 1I
strain A A AY
strein B B Bt

P22 c ct

we will also callxioawomemsmekedx P22 as given F1 (8 C,C'),

Pl opg strain A  Strein A acts as a typleal sensitive host for Fl, It is readily
lysogenized by Pl temperate exhibiting the mdtiplicity effect, All of the phage
mutants breed true on A as far as can be tested,

Pl on strein B Vhen Fl infects B about 203 of the input phage producey ¢ pliuecon B,
These plaques contain a varisty of things. They contain Pl and also plagque morphology
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mtants of Fl, The rnutants are produced in such a way as to define a partioular
phage allele at sach locus of strain B, Howsver the mutants as can be shown by
single burst experinents are not equally frequent and are biased from one point
in linkage group one ., iwore frequent away from voe 5inoe the platings are done on
strain A we therfore define a marker B on linkese group ons of stsain B which does
not allow plating on A. Linkage group two assorts more or less at random, However
phage with linkage group one from Fl and linkmge group 2 from B have & different
plating efficlency. This slso depends in part as to whéh whether they have the Vs
allele of Fl or that of strain B,

There is also in ap plaque of Fl on B a phage which plates well on B and peely
on Ae It can not be found in the single turst experiment for obvious reasons, Ve
have tabulated below the plating efficiencies of the various things derived frem
Al on L making use of two other strains in addition to A npd B whose derivation
will be desbribed shortly,

BeCoPs

F 3 B c D
Fl 1 .2 .6 .6
F) mutant linkage I 1 o2 o N
p2 " T S 1 1089 K .3
P3 Vz fron 3 1 " 8 «8
mutant II
don' have vo from B without linkage II from B yet
3
Ph wr 1 A ok

PL plaques are impossible to define with respect to other markers., Its genotype will
be clarified below,
strein B

In ormder to explicitly demonstrate that the phenomena described above
can be ascribed to recondtdnational rather than mutational ewents the following
ssries of experiments were accomplished. Strein B was lysogenized with Fl temperate,
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Iy irrediating it with UV it was possible to obtain a'"delysogenized' cell (strein Cf,
Surprisingly this strain had lost its mutational cjacities for F1 and plated it
well, However it was found to be sensitive to a phage prodused by strain 5 (P5),

P5 contained the mﬂmwpi‘ﬁm: in strain B as shown by appropriate crosses.
Jewgthx It contains the postulated locus 5 linked to ¥, which does not allow it
to plate on A explaining the bias in the mutant output, Among the recombinants of

Fl by £5 are the expected classes but with :mmch reduced frequency as compared to

Fl by B crosses (an interesting point about phage mmﬁmtim)wm')
Llso Pl was produced .Thutumamxttohawlimeegmupxéfpsmunmga
group 11 of Fl, The particular factor involved is more closely lnked to vy than m.
Uiagramsed below is the linkape W(cmmbmty factors’ eof the
various phages . it should be first mentioned that P5 plites on strain C , not at all

on B and like FL on A,

) e ct
2 ¢
3 B B
Bl B G
P5 B B

Since it vas possible to delysogenize B after it was lysogenimed with Fl an attempt

was mede to do this directly, Strein D waa obtained in this manner, Thus we have two

streins made sensitive in the laboretory which were diﬂerd in the genetic composition
Chad cormnild

of the phage which

Phand P5  both i4 an. P5 plate poorly en strein i . ¥esome “f the yelld obtained

with P5 on 4 99% is the input and 14 something new,P6, S'milarly with P4 we make P7

TelieF

A B 3 G D
% 1 16% 01 ol
g 1l 1

By appropriate crosses it ean be shown that 16 is A B' or perhaps AB B8, ‘hen
grown on strain ¢ it glves F6 1% mutants and & phage F8 which haswpdsE@d—ip
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is not unulmwc B'y then 76 43 grown on strein 0 we again get 16 mtitt*m:/iand
epcd t

also P9 which ImxRx appears to be identiwal with 5 B,B'y Thus leedkiexx delysogenized

cslls xmxher remember what they had besn lysogentsed withhmd The mtation intuced

that delysogenized them was proxbably in linkapge group II, It is quite

conceiveble that they can be delysogeniszed again, that ia) induce a2 new :utation at

she compatability locus and &ss becoms sensitive to the phage they are now earrying.
ommckicx Among the yield of P4 on straln A isiéﬁhichhnsthafollmdng

conposition A C' or AB C', With FI on strainsA and B we can theremfore define its

entire host modification system, Pl skexk on B to P4 on 4 to P7 on B to 74 ete,

ThetS ¥ have achisved a closed system with turn over of linkage group I each time,

i4scellany Sioesdocxnc

¢ have not yot obtained all of the combinatlons vossible and investigmbe:
all of the possibls cell and phage types with Just the original three components
of the system, It might well be that the series is &nfinite, Jubtle differences
are difficult to pick up and the neutraglity of the other markers in all this
remains to be shown. lowever it does seem clear thas the compatability loei
are linked to the ¥ loci affecting lysogenizing ability. The alleles at the
vy loci certeinly have sane effect (ses F3) in fact the v, loci carried latently
by the different oells all leok slightly different and although in phege hy phage
crossas don't recombins there is some evidence that they will do so in phage by
becterisl crosses where recombinant frequencies are much higher.vwes mey cits for
axample a strein B cell which when treated with Fl temperate becsme heterogenotic
for the peophage, that is either sponatanecusly or by induction (z@&ch more
efficiently induced than the usual lysomgenis) produces Fl, P5 and F2 and Pl
The axXkx latter two amount to 305 of the yﬂld while a cross of 1 and !5 zive

of the heterogenote
only & faw percent of these, ihie lysatee also contain  virulent phage,



